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Abstract 
Within the Austrian research project ‘Solar Plus Haus’ a plus energy building concept for a brick constructed dwelling was 
developed, planned and put into operation. The building envelope is constructed by using a new generation of energy efficient 
bricks and the demand for heating, domestic hot water and electricity is covered mainly by energy from solar systems solar, i.e. 
solar thermal collector and photovoltaics. The future building and its energy system is operating since December 2012. The 
energy and comfort assessment report of the building operation under real user conditions is documented based on measurement 
data recorded by a scientific monitoring system. This paper indicates the essential findings from analyzing the measurement data 
from January 2013 till May 2015. Monthly heat and electricity balances are displayed and selected key performance indicators of 
the two implemented solar energy systems are calculated. Key findings are drawn and the applied energy building concept is 
approved by measurements. 
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1. Introduction 
According the recast of the EU-Directive [1], future buildings are ‘Nearly Zero Energy Buildings’ and technically 
a bright variety of future building concepts exists. Two essential measures lead to such high energy performing 
buildings: high energy efficiency for both building envelopes and energy systems and use of renewable energy 
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sources on site. Within the Austrian research project a plus energy building concept for a brick constructed dwelling 
was developed, planned and constructed. Since January 2013 the building owner family lives in this future building. 
The future building called ‘e4-Ziegelhaus2020’[2] located in Zwettl, Austria provides 277 m² heated gross floor area 
and is mainly constructed by using a new generation of energy efficient bricks. The energy and comfort assessment 
report of the building operation under real user conditions performance is documented based on measurement data 
recorded by a scientific monitoring system. In particular high solar energy yields of both photovoltaics modules and 
solar thermal collector system covering the demand for electricity, heating and domestic hot water (DHW) 
preparation contribute significantly to a negative annual primary energy balance (non-renewable part). The research 
activity focused intensively on the feasibility of the use of solar heat by applying the ‘Sonnenhaus-Konzept’[3] in 
combination with thermally activated brick walls. This publication indicates the energy performance of the building 
operation and some achieved thermal comfort of selected rooms with the help of acquired monitoring data from 
January 2013 till May 2015. Figure 1 displays a photo from the investigated ‘e4-Ziegelhaus2020’. 
 
 
Fig. 1. Photography of ‘e4-Ziegelhaus2020’ located in Zwettl, Austria (Source: Wienerberger AG). 
2. Energy system design 
The architectural and energy concept of the ‘e4-Ziegelhaus2020’ focuses on a high energy efficiency standard of 
the building envelope (external walls and windows) and the usage of solar energy in order to cover significantly the 
demand for heat and electricity. The solar thermal system is designed as a solar combisystem, i.e. the solar heat 
covers the demand for heating and for DHW preparation. Around 50 m² of flat-plate collectors south-oriented and 
titled with 60° provide solar heat to a 9,580 liter hot water tank which is placed centrally within the building. A 
40 kWthermal biomass fired boiler serves as thermal back-up system in case of sunless winter days. Besides a 
commercially available under floor heating system applied for the living room, the hot water stored in the tank is 
mechanically circulated also to thermally activated brick walls. 35 photovoltaic modules with a peak power of 
6.5 kWpeak are mounted on the roof of the garage; the PV system is designed to balance the total electricity 
consumption by the delivered solar electricity on site. 
498   Tim Selke and Monika Perisic /  Energy Procedia  91 ( 2016 )  496 – 504 
3. Energy and comfort assessment report 
3.1. Planning phase 
In the planning phase the AIT Austrian Institute of Technology GmbH (AIT) calculated with different methods 
the annual energy balance with regard to heat and electricity demand of the brick made residential building. The 
values of the energy demand for heat and electricity were taken from Austrian standards except the values for 
heating demand which is a result of transient building simulation [4]. Table 1 lists the specific and total energy 
demand values for heat and electricity and additionally contains expected heat delivered by both the solar thermal 
system and biomass fired boiler. The expected delivered heat has been quantified by applying coupled transient 
system and building simulation [5]. As well the expected generated solar electricity on site is inserted. 
Table 1: Calculated annual energy balance  
(*Austrian Standard, **transient simulation, ***own calculation) 
 
[kWh/m² gross per year] [kWh per year] 
Heating demand 39.10** 10,830.7 
Demand for hot water preparation 13.00* 3,601.0 
Heat losses of heating system 3.40* 936.5 
Total heating demand 55.50 15,368.2 
Electricity demand of household 13.00* 3,601.0 
Electricity of heating system 2.90*** 803.3 
Total electricity demand 15.90 4,404.3 
Annual delivered energy on site   
Biomass fired boiler (heat) 22.20** 9,220.9 
Solar system (heat) 33.30** 6,147.3 
Photovoltaic system (electricity) 18.30*** 5,070.0 
 
3.2. Operational phase 
AIT has developed an energy monitoring concept and the required technical equipment of the scientific 
observation over 30 month was installed and put into operation in autumn 2012. This paper essentially documents on 
the energy performance of the brick made building and its subsystems from January 2013 till the end of May 2015. 
Main objectives of the monitoring campaign are: 
• Demonstration of the functionality and feasibility of the energy building design and with users impact 
• Quantification of the annual primary energy balance based on measured data 
• Quantification of achieved solar fractions beyond 60% in practice 
• Identifying measures to optimize the annual energy performance 
 
The documentation of the measured, post processed and assessed monitoring data addresses a) the total monthly 
heat and electricity balance of the measurement period and b) some selected key performance indicators of the solar 
energy systems. The full set of monthly measured data is listed in Table 2 and Table 3 of the appendix. 
3.2.1. Report the thermal performance of 2013 and 2014 
During the observation period from 1st of January 2013 until 31st December 2013 around 9,816 kWh of heat 
were to the underfloor heating and 5,511 kWh to the thermally activated brick walls. The measurement data indicate 
that around 3,112 kWh heat were used for domestic hot water preparation. In total an amount of 18,439 kWh for the 
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heating and domestic hot water preparation was transferred to the building in 2013. The flat-plate collector field with 
around 48 m² delivered approximately 13,945 kWh solar heat and the biomass fired boilers provided 10,422 kWh to 
the hot water tank. These amounts of heat result in a solar fraction of SFthermal = 43.5%. According to the Central 
Institute for Meteorology and Geodynamics the sunshine duration detected in January and February of 2013 was 
approximately half of the average of the period from 1981 till 2010 [6]. The solar heat fraction is calculated by 
Equation 1. Expected solar heat fraction of the planning was about 60%.  
 
DHWheating
biomass
thermal QQ
QSF

 1  Equ. (1) 
where: 
 SFthermal solar heat fraction [-]  
 Qbiomass heat delivered by biomass fired boiler [kWh]  
 Qheating heat delivered to the under floor and thermally activated brick walls [kWh]  
 QDHW heat delivered for domestic hot water preparation [kWh] 
 
In the observation period from June, 1st 2014 till May, 31st 2015 around 8,457 kWh of heat were to the 
underfloor heating and 4,886 kWh to the thermally activated brick walls. 3,112 kWh heat were used to prepare 
domestic hot water, i.e. a total amount of 15,404 kWh for the heating and domestic hot water preparation was 
transferred to the building in the observation period. The flat-plate collector field delivered approximately 
13,026.0 kWh solar heat and the biomass fired boilers provided 7,544 kWh to the hot water tank. According to 
Equation 1, these leads to a solar coverage of SFthermal = 51%, which is an improvement in comparison to 2013.  
3.2.2. Report on the electrical performance 2013 and 2014 
From January, 1st 2013 until December, 31st 2013 approximately 4,650 kWh of electricity were consumed by the 
heat delivering systems, the scientific monitoring system and all other electric devices of a household. The operation 
of the scientific monitoring system consumed 13.6 percent (633 kWh) and the delivering heating system with all its 
pumps and control units caused an annual electricity consumption of 708 kWh. In 2013 the photovoltaic system with 
a nominal electrical peak power of 6.5 kWpeak delivered around 5,882 kWh of solar power, which corresponds to a 
specific amount of electricity of 905 kWh per kWpeak. Approx. 4,204 kWh of solar electricity were fed into the 
public grid and 1,678 kWh were directly used to operate the building, this corresponds approximately to 28.5% of 
direct use of the delivered solar power. With regard to the total electricity consumption of the building operation and 
use (including the scientific monitoring system) the PV system covered 36.1% of it.  
 
In the observation period from June, 1st 2014 till May, 31st 2015 the total consumption of electric energy was 
3,899 kWh, this electricity operates the heat delivering systems, the scientific monitoring system and all other 
electric devices of a household. The scientific monitoring system operation consumed 15 percent (590 kWh) and the 
operation of the heat delivering system caused an annual electricity consumption of around 672 kWh. In the 
observation period the photovoltaic panels delivered around 5,662 kWh of solar energy. This corresponds to a 
specific amount of electricity of 870 kWh per kWpeak. 4,129 kWh of solar electricity were fed into the public grid 
and 1,533 kWh were directly used in house. Thus 27.1% of the delivered solar electricity was directly used. With 
regard to the total electricity consumption of the building operation and use (including the scientific monitoring 
system) the PV system covered 39.3% of it.  
3.2.3. Report on the thermal comfort of living room [7] 
The scientific monitoring system includes the measurements of living area of the ground floor. A wall-mounted 
combined sensor provides measurement signals to monitor the temperature, the relative humidity and the CO2 
content of the living room. Figure 2 and Figure 3 show in TX Chart 5-minute records in terms of relative humidity 
and temperature of indoor air from January to June 2013. 
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The thermal comfort field is defined on the basis of the German standard DIN 1946 II. But here the operative 
temperature from the standard is interpreted as air temperature Tair because of the lack of temperature data of all 
surfaces. Additionally there is no active cooling system to keep the temperature in summer in the comfort field, thus 
the comfort field is slightly adapted for further assessments. Following limiting conditions are defined: 
20 < Tair < 27°C; 30 < RHair < 65% and SHair < 11.5 g per kg dry air. 
 
 
Fig. 2 Comfort air parameter of the living room from January to March, the heating period. 
Besides the indoor data the figure also includes ambient air parameters. 
2.2% of the recorded air parameters are out of the defined comfort field. 
 
Fig. 3 Comfort air parameter of the living room from April to June, the transition period to the summer season. 
Besides the indoor air data the plot includes temperature and humidity values of the ambient air. 
7.9% of the recorded air parameters are out of the defined comfort field. 
The comfort assessment is based on two different periods of recorded data: a) January to March and b) April to 
June 2013. By filtering the monitoring data of the period from January to March it can be stated that 97.8% of the 
measured data point fulfil the defined comfort field (Figure 2). From April to June 92.1% of the monitoring data 
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meet the limitation condition according to the defined comfort field (Figure 3). Here humidity leads often to readings 
outside the comfort field. Due to the thermal inertia of the massive building construction the indoor temperature 
remains noticeable below the maximum values of the outdoor temperatures during hot periods. 
4. Findings 
Finally the ‘e4-Ziegelhaus2020’ is approved by calculation and counts as an energy-plus house with regard to the 
annual primary energy balance [8]. Based on the monitoring data of the observation period from January 2013 till 
May 2015 the ‘e4-Ziegelhaus2020’ didn’t achieve the good thermal performance numbers in comparison to the 
calculated values of the planning phase, while the ‘e4-Ziegelhaus2020’ outperforms its forecasts from the planning 
phase related to the electric energy balances. Furthermore detailed key findings for the thermally and electric energy 
balances are summarized: 
4.1. Findings of the thermal building performance 
• There are typically three phases of the heat supply: 
x Phase 1 - Solar thermal covers 100 percent of the heat demand (Mar Apr May Jun Jul Aug Sep) 
x Phase 2 - Solar thermal mainly covers the heating requirements, 
x i.e. solar fraction is higher than 50% (Feb Oct) 
x Phase 3 – The biomass fired boiler covers largely the heat demand (Jan Nov Dec) 
• A total of around 18.44 MWh 2013 and 15.40 MWh (June 2014 till May 2015) of heat from the heated 
floors, the brick walls and the hot water production were recorded during the observation period. The 
operation of the underfloor heating supplied about two-thirds of the heat to control the room air 
temperature, the rest was provided through the tempered brick walls. The recorded measurement data of the 
living and sleeping room indicated mostly air temperature above 24 degree Celsius in winter.  
• The hot water heat demand is moderate with 3,112 kWh (2013) and 2,061 kWh (June 2014 till May 2015) 
and is below the area-specific standard value of 3,600 kWh per year. 
• The large-scale solar collector field supplied approximately 43 percent (2013) and 51 percent (June 2014 
till May 2015) of the heat that was transferred to the floor and brick wall heating systems and to prepare 
domestic hot water. Expected solar heat fraction of the planning was about 60%. Nevertheless the criterion 
of the ‘Sonnenhaus-Institute e.V.’ [3] that calls for a solar fraction of more than 50 percent, was fulfilled. 
Furthermore the presented Equation 1 for calculation the solar fraction doesn’t take into account solar heat 
transferred from the hot water tank to the indoor air of the building. The solar heat charged hot water tank 
is installed in the inner part of the high-insulated building shell and transfers heat into the interior of the 
building via the insulated surface of the water tank.  
4.2. Findings of the electric building performance 
• The total electricity consumption of the ‘e4-Ziegelhaus2020’ was accounted to 4.65 MWh in 2013 and 
3.90 MWh from June 2014 till May 2015, what is less than Austrian standard values indicated in the 
planning phase. 
• In the observation period the 6.5 kWpeak photovoltaic system mounted on garage roof provided more 
electricity than it was consumed by the building operation. At the planning stage the solar energy yields of 
the PV plant were estimated conservatively with 5,070 kWh /yr. The PV system measurement data that 
exists both by the scientific monitoring as well as by the energy accounting of building owner, prove that 
the PV modules delivered around 5.9 MWh per year. The PV system thus provided a specific amount of 
electricity of around 908 kWh per kW peak. 
• Almost in-between 36 and 40 percent of total electricity consumption is directly delivered by photovoltaic 
system. The electricity consumption of the monitoring system is included.  
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Appendix A.  
Table 2: Monthly heat balances and solar fraction values 0f the observation period from January 2013 till May 2015 
(*Monitoring system crashed – no data acquisition from February till March, 18th 2014) 
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[kWh] [kWh] [kWh] [kWh] [kWh] [kWh] [%] 
  A B C D E F 
1-
B/(C+D+E) 
20
13
 
Jan 262 2,783 914 1,684 313 2 4% 
Feb 371 2,541 839 1,540 254 4 3% 
Mar 1,447 1,508 834 1,449 325 5 42% 
Apr 1,799 371 482 819 286 6 77% 
May 1,019 0 170 302 240 13 100% 
Jun 1,258 0 112 192 224 317 100% 
Jul 1,637 0 96 0 182 924 100% 
Aug 1,506 0 0 0 184 982 100% 
Sep 1,171 0 160 284 248 305 100% 
Oct 1,759 0 396 765 252 7 100% 
Nov 729 1,419 674 1,271 302 0 37% 
Dec 987 1,800 834 1,510 302 0 32% 
 total 13,945.0 10,422.0 5,511.0 9,816.0 3,112.0 2,564.7 43% 
20
14
 
Jan 926 2,091 865 1,591 314 3 25% 
Feb* - - - - - - - 
Mar* 1,061 0 192 351 173 14 100% 
Apr 1,556 0 292 555 237 32 100% 
May 1,259 0 201 393 205 63 100% 
Jun 1,256 0 25 48 186 449 100% 
Jul 1,051 0 0 0 171 386 100% 
Aug 859 0 0 0 147 191 100% 
Sep 1,082 0 99 194 170 116 100% 
Oct 832 261 317 614 147 11 76% 
Nov 300 1,434 595 1,093 167 3 23% 
Dec 745 1,970 846 1,436 165 3 19% 
 total 10.927,0 5.756,0 3.432,0 6.275,0 2.082,0 1.271,8 51% 
20
15
 
Jan 565 2,006 847 1,423 196 2 19% 
Feb 1,209 1,212 808 1,340 159 3 47% 
Mar 1,955 530 743 1,230 167 12 75% 
Apr 2,117 131 424 719 199 48 90% 
May 1,055 0 182 360 187 16 100% 
6,901.0 3,879.0 3,004.0 5,072.0 908.0 80.7 57% 
06/14 till 05/15 13,026.0 7,544.0 4,886.0 8,457.0 2,061.0 1,240.1 51% 
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Table 3: Monthly electricity balances and key performance factor of the observation period from January 2013 till May 2015 
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20
13
 
Jan 47.4 32.6 80 494.7 73.1 51.1 618.9 59.3% 7.7% 
Feb 80.8 85.2 166 273.4 75 44.7 393.1 48.7% 20.6% 
Mar 152.2 299.8 452 279.5 73.4 79.3 432.2 33.7% 35.2% 
Apr 189.4 437.6 627 242.1 66.3 51.1 359.5 30.2% 52.7% 
May 184.3 468.7 653 246 45.3 46.9 338.2 28.2% 54.5% 
Jun 175 553 728 219.3 45.9 52.3 317.5 24.0% 55.1% 
Jul 207.3 731.7 939 249 48.4 50.6 348 22.1% 59.6% 
Aug 186 582 768 249.8 40.9 52.7 343.4 24.2% 54.2% 
Sep 149 418 567 253.1 45.1 49.9 348.1 26.3% 42.8% 
Oct 133.8 387.2 521 249.6 59 53.9 362.5 25.7% 36.9% 
Nov 90.8 114.2 205 313.3 66.2 53.7 433.2 44.3% 21.0% 
Dec 82.1 93.9 176 239.9 68.9 46.8 355.6 46.6% 23.1% 
  1,678.1 4,203.9 5,882.0 3,309.7 707.5 633.0 4.650.2 28.5% 36.1% 
20
14
 
Jan 69.5 96.5 166 248 71.9 48.9 368.8 41.9% 18.8% 
Feb 111.2 266.8 378 167.9 99.5 74.2 341.6 29.4% 32.6% 
Mar 182.1 504.9 687 327.4 26.5 22.2 376.1 26.5% 48.4% 
Apr 163.6 491.4 655 205.4 50.5 48.1 304 25.0% 53.8% 
May 173.4 493.6 667 216.8 47.1 50.3 314.2 26.0% 55.2% 
Jun 188.1 671.9 860 212.8 38.5 48.5 299.8 21.9% 62.7% 
Jul 201.5 626.5 828 244.1 35.5 50.1 329.7 24.3% 61.1% 
Aug 103.2 448.8 552 147.8 33.2 49.3 230.3 18.7% 44.8% 
Sep 145.6 387.4 533 216.4 40.6 48.2 305.2 27.3% 47.7% 
Oct 118.8 223.2 342 239.8 50.4 50.3 340.5 34.7% 34.9% 
Nov 56.3 14.7 71 270.3 63.7 48.6 382.6 79.3% 14.7% 
Dec 72.7 96.3 169 210 78.9 49.2 338.1 43.0% 21.5% 
  
 1,586.0 4,322.0 5,908.0 2,706.7 636.3 587.9 3,930.9 26.8% 40.3% 
20
15
 
Jan 79.8 63.2 143 271.1 80.1 49.4 400.6 55.8% 19.9% 
Feb 120 204 324 218.9 71.8 45 335.7 37.0% 35.7% 
Mar 167.7 380.3 548 239.3 73 50.2 362.5 30.6% 46.3% 
Apr 178.5 585.5 764 226.9 58.3 48.9 334.1 23.4% 53.4% 
May 100.5 427.5 528 139 48.3 52.6 239.9 19.0% 41.9% 
  646.5 1,660.5 2,307.0 1,095.2 331.5 246.1 1,672.8 28.0% 38,6% 
06/14 till 05/15 1,532.7 4,129.3 5,662.0 2,636.4 672.3 590.3 3,899.0 27.1% 39.3% 
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